Inferior vena cava (IVC) filters were first introduced in 1967 by Kazi Mobin-Uddin and later improved by Lazar Greenfield in the 1980s becoming a major component of catastrophic pulmonary embolism prevention. Nevertheless, filters are not entirely harmless. The long term risks include caval thrombosis, visceral penetration, and filters can serve as a nidus for infection. Filter retrieval is often complicated by intimal hyperplasia especially with increased indwelling time. Historically, Greenfield filters in place for longer than 3 weeks were considered permanent due to the risks of retrieval. Herein we present 2 cases of successful retrieval of Greenfield filters 13 and 19 years post implantation.
CASE REPORT
On physical examination the patient was alert and oriented and in no acute distress. He had no complaints of abdominal pain. His vitals were stable.
After obtaining informed consent, the filter retrieval procedure was performed under general anesthesia. He was placed supine and the right neck and groin were prepped and draped. A 12F sheath was placed in the right common femoral vein and a straight flush catheter was advanced into the right common iliac vein. A cavogram was performed which demonstrated mild stenosis of the IVC at the level of the filter with multiple collateral azygos, hemiazygos, and lumbar veins ( Figure 3 ). There was a single IVC filter strut fractured within the psoas (Figure 4a) . A 20F DrySeal sheath (Gore & Associates, Flagstaff, AZ) was advanced through the right internal jugular vein over the wire and a 14Fx45 cm Performer sheath (Cook Medical, Bloomington, IN)and 11Fx60cm sheath (Cook Medical, Bloomington, IN) were advanced through the Dryseal sheath in coaxial fashion and advanced atop the filter. A SOS catheter (Angiodynamics, Latham, NY) was introduced through this system and used to advance a hydrophilic 0.035" wire through the filter interstices and curved cranially such that the wire was looped around the nose of the filter (Figures 4b  and 4c ). The SOS was removed and a 25mm loop snare (Boston Scientific, Marlborough, MA) was advanced through this system alongside the wire. The wire tip was then snared and pulled back such that both ends of the wire were out of the sheath with a loop formed around the filter (Figures 4d and  4e) . The 11F and 14F sheaths were then advanced to collapse the filter, the filter was captured in the 20F DrySeal sheath (Figure 4f ), and the whole system was removed with filter mostly intact (Figures 5a and 5b) .
The final cavogram ( Figure 6 ) demonstrates no evidence of active extravasation of contrast. Again noted is mild narrowing of the IVC with collateral development. The patient was admitted for 23 hour observation and discharged in the morning with minimal neck discomfort and no hemodynamic instability.
CASE 2:
A 46-year-old female presented with a history of bipolar disorder, hypertension, anxiety, posttraumatic stress disorder related to a severe motor vehicle accident in 1995 which resulted in uterine rupture with loss of pregnancy at 6 months, traumatic brain injury, and coma. A Greenfield IVC filter was placed at that time to prevent pulmonary embolism. She presented to our clinic in 2014 with severe abdominal pain of a few months duration with acute worsening 3 weeks prior. She rated the pain 10 out of 10 and stated that her pain has left her unable to perform her daily activities.
She had initially presented to the Emergency Department at an outside hospital and they obtained a computed tomographic scan (Figures 7a and 7b ) which demonstrated her IVC filter struts penetrating the IVC wall and adjacent to small bowel. She was referred to our institution for filter retrieval.
Physical examination revealed stable vital signs with mild tenderness in the right hemi-abdomen.
After obtaining informed consent, the filter retrieval procedure was performed under conscious sedation in the angiography suite with the patient in supine position. The procedure was performed in similar fashion as previously described via transjugular approach. The filter was identified under fluoroscopy ( Figure 8a ) and IVC cavogram demonstrated the IVC to be widely patent and normal in caliber without thrombus (Figure 8b ). After both ends of the wire could be grasped with the loop formed within the filter, the coaxial 22F, 18F, and 14F sheaths were advanced over the filter which partially collapsed but remained adherent to the IVC. A longer 11F sheath was advanced within the 14F sheath and all 3 sheaths were advanced over the filter. The filter collapsed and was successfully removed in its entirety ( Figures   9a and 9b) . A repeat IVC cavogram was performed through the sheath in the right common femoral vein and demonstrated a small, self-contained extravasation into the retroperitoneum. A 32mm CODA balloon (Cook Medical, Bloomington, IN) was advanced and gently inflated at the region of extravasation. After three-15 minute episodes of balloon inflation and deflation, the balloon was removed and final cavogram performed which demonstrated no evidence of extravasation ( Figure 10 ). The patient remained hemodynamically stable throughout the entirety of the procedure. She was admitted for 23hour observation and discharged pain free the next morning.
Inferior vena cava (IVC) filters were first introduced in 1967 by Kazi Mobin-Uddin and later improved by Lazar Greenfield in the 1980s and became a major component of catastrophic pulmonary embolism prevention [1, 2] . IVC filters are generally placed in the vena cava below the level of the lowest lying renal vein (typically the left) however knowledge of variant anatomy such as circumaortic left renal veins, caval duplication, and megacava are crucial to proper filter placement, filter type, and number of filters as correctly placed IVC filters have a role in protecting patients from life threatening pulmonary embolisms; however there are associated risks that have led to the FDA issuing a device warning in 2010 and a follow up message in 2014 recommending that filters be removed 1-2 months after placement. The risks include strut fracture, visceral penetration, infection, filter migration, embolization, thrombosis and loss of caval patency with rates of caval occlusion up to 30% [3] [4] [5] [6] . The primary factor that complicates removal of IVC filters is intimal hyperplasia which the underlying mechanism is poorly understood but seems to be more prevalent in objects with longer indwelling times [7] .
Intimal hyperplasia is a multifactorial process. A combination of inflammatory factors, thrombogenic mechanisms and cell proliferation by means of numerous growth factors and cytokines such as platelet-derived growth factor (PDGF), tumor growth factor (TGF)-β, Interleukin (IL)-1, IL-6 and IL-8, and thrombin have been described as etiologic factors. Platelet activation, leucocyte recruitment, activation of the coagulation cascade, smooth muscle cells migration and ultimately smooth muscle cell proliferation are the events leading to intimal hyperplasia [8] .
Wu et al. also have shown that mechanical stretch may contribute to intimal hyperplasia in veins by stimulating early growth response-1 (Egr-1) mRNA and protein in vascular smooth muscle cells. Egr-1 regulates insulin-like growth factor -1 receptor (IGF-1R) transcription. IGF-1 pathway plays an important role in intimal hyperplasia. This later factor may specifically play an important role in intimal hyperplasia of IVC around the filter struts as the radial force of the filter stretches the IVC wall at the insertion site of the struts [9] .
DISCUSSION
With respect to permanent filters there have been a few retrieval techniques reported such as blunt dissection, Excimer laser ablation, and piecemeal removal by intentional mechanical fracture [10] [11] [12] . We combined the double sheath dissection principle, furthering with 4 coaxial sheaths, with the snare-loop technique first described by Rubenstein to successfully retrieve our two filters [13] . Retrieval of permanent IVC filters after long indwelling times, including one at 6663 days have been reported [12] . One of the filters we retrieved had an indwelling time of 7000 days making it the oldest filter retrieved to date.
Due to the long indwelling time there was difficulty with retrieving the filters. This was overcome by many strategic technical maneuvers.
First, using multiple sheaths as described to reinforce the retrieval unit. Second, the additional femoral access enabled us to ensure the safety of this procedure. In case of IVC rupture a balloon can be inflated in the IVC. Third, with passing a wire under the filter apex, the filters were completely captured despite the lack of an apical hook. Fourth, IVC rupture was prevented by simultaneous pushing of the sheaths over the filter and pulling the wire under the apex of the filter to release the struts and cover the filter inside the sheaths. With this technique, the filter does not move vertically and the struts have no chance to damage the IVC. Last, when the filter is closed but the sheath cannot pushed over the filter, it means that the struts are still in the IVC wall and the IVC is closed as well. Prolonged IVC closure may lead to thrombosis. After about a minute of closing the filter if the filter was not captured in the sheath, the filter was released in order to allow blood flow in the IVC and prevent thrombosis.
Long indwelling inferior vena cava filters can be removed safely via a percutaneous endovascular approach even up to 7000 days after implantation. 
